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ABSTRACT
This paper discusses the operation and merits of the Precision
Graduated Cantilever, a device used for the analysis of oriented fibers
in static compression. The device was designed and built to impose
precise and varying levels of compressive strain within a single fiber.
With absolute control, the experimenter deflects a cantilever beam on
which a single fiber specimen has been bonded, imposing a linearly
varying compressive strain field throughout the length of the fiber.
Via microscopic observation, compressive failure in the fiber may be
observed and recorded. An efficient testing procedure was developed
and is discussed as well. Methods of specimen preparation and the
use of specially designed equipment are presented as part of the
overall design goal.
Results to this point are few but initial observations have shown
that the device is a valuable tool for fiber compressive testing. Two
obstacles at the moment are the rarity of undamaged fiber specimens
and the difficulty in identifying compressive failure under the
microscope. Given good, undamaged fibers, one may observe time-
dependent behavior as well as the initial material response associated
with many conventional testing methods. Although scatter is large
among polymeric fiber data (due to defects), fibers have been
observed to be qualitatively consistent in their behavior.
Consequently, further research is warranted and should prove
worthwhile as more testing details are refined.
Thesis Supervisor: Frederick J. McGarry
Title: Professor of Materials Science and Engineering
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INTRODUCTION
1.1 GENERAL OVERVIEW OF COMPOSITES
The advent of composite materials has not only introduced an
entire new field of study but has exerted a tremendous influence on
many other existing, and totally separate, engineering disciplines as
well. New, lightweight composites have given an added dimension to
just about every facet of daily life -- their impact has been felt in the
fields of automotive engineering, sporting goods, textiles, aerospace
structures and space exploration, military hardware, and even
housewares. The fact that the faces of these industries have already
been significantly altered attests to the assured importance of
composites well into the future. It is my opinion that composites is
the fastest growing field of study today, next to electronics and
computing, perhaps.
1.2 THE PRINCIPLE BEHIND COMPOSITE USE
The underlying principle behind the construction of a composite
is to arrive at a structure whose "smeared" properties are the
combined effects of its individual components. In fact, the overall
characteristics of the structure are more desirable than those of any of
its constituents considered alone, that is, the whole is greater than the
sum of its parts. Before this concept of synergism may have any
meaning, however, the engineer or scientist must concern himself with
the material properties of the individual components. This way, he
can systematically tailor a part to suit his needs.
1.3 FIBER PROPERTY DETERMINATION
There are many fibers in use today, all of which have fully
documented properties. Important parameters include the ultimate
tensile strength, Young's Modulus, major and minor Poisson's ratios,
etc.. Equally important as the tensile properties, however, are the
compressive properties which are often estimated (sometimes simply
dismissed) because of the inherent difficulty in experimental
measurement. Because of the fiber's extreme slenderness -- its length
being orders of magnitude larger than its width -- it borders on the
impossible to support the fiber in controlled compression without
inducing geometric buckling. Geometric instabilities become prevalent
(and dominant) at fiber lengths of only 50 microns - 100 microns!
Further, due to the defect dependence of any one fiber's strength
characteristics, a large scatter in fiber data is unavoidable and is to be
expected.
This report discusses the design of the Precision Graduated
Cantilever (PGC) and the development of an efficient testing
procedure. The cantilever beam test is based on the principle that a
fiber which is firmly secured to the top of a beam experiences the
same strain along its length as the beam's surface when the beam is
bent. If one end of the beam is supported in the cantilever mode and
the other end is bent upward, the fiber is compressed along its length
and undergoes a linearly varying strain distribution. In this manner,
critical compressive strains at failure may be calculated to give a
better understanding of the fiber's compressive behavior. This work
is, in fact, an extension of that previously undertaken by DeTeresa [1]
to include more precise means to compress the fiber and to accurately
record the subsequent strain data.
THE CANTILEVER BEAM TEST
AND
THE PRECISION GRADUATED CANTILEVER
2.1 TESTING THEORY
As mentioned in the introduction, the principle behind the
cantilever beam test is to induce a compressive strain field along the
length of a fiber which is firmly bonded to the top surface of a
relatively thick beam supported in the cantilever mode. Bending of
the beam's free end upward induces a linearly varying compressive
strain distribution along its top surface, from a maximum at the
support to a no-strain condition at the free end. Since the width of the
fiber is negligible when compared to the thickness of the beam, the
strain along its length is the same as that along the beam's surface,
Figure 2-1. Further, it can be assumed that there is no strain variation
through the width of the fiber itself, that is, the underside of the fiber
experiences the same compressive strain as the top side. The strain at
a given location along the fiber is given by,
e(x) = 3t 1 x]
2L2  LL
where x = distance from the fixed end
t = beam thickness
8 = vertical deflection of the free end
L = Total length of the beam
This relationship and the associated parameters are given in Figure 2-
2.
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Figure 2-1. Axial Normal Strain Distribution Along The Top Surface of
a Cantilever ( Free End Deflected Upwards)
Tf I7'
I
2L 2 [ L
Figure 2-2. The Parameters of the Bent Cantilever
2.2 LINEAR ANALYSIS IN BENDING
A particular concern associated with this test is the issue of
linearity in bending. The above relationship is valid for small
deflections only, that is, for small angles of rotation of the beam [2].
The physical picture of the parameters associated with large beam
deflections is given in Figure 2-3.
Figure 2-3. Large Deflection of the Cantilever Beam
12
C/b 4
,,
I
m_
Small deflection theory corresponds exactly with large deflection
theory (and is therefore valid) while the following hold true:
Ob < 18 degrees
81 < .2
L
< .025
L
These conditions will be addressed in section 2.4. An excellent
discussion of this issue for the case of the cantilever is given in detail
in Gere and Timoshenko [2].
2.3 KINK FORMATION AND COMPRESSIVE FAILURE
Compressive failure in highly oriented, polymeric fibers
manifests itself in the form of kink bands, apparent "belts" which
circle the fiber's circumference. These kink bands are actually the
consequence of the localized buckling of fibrils within the fiber. Under
the optical microscope these bands appear as sharp, distinct lines
which cross the diameter of the fiber at some angle, Figure 2-4.
As an aside, it is speculated that this angle is a function of the local
interfibular shear strength of the fiber. In any case, the kink signifies
compressive failure and its location is the horizontal distance, x, at
which the fiber fails for a given beam deflection. The strain calculated
at this point is, in theory, the critical compressive strain of the fiber.
In reality, of course, a fiber fails in many locations along its length (for
a given deflection), and data from fiber to fiber may differ
significantly. It is because of scatter and the defect dependency of the
data that testing procedures and kink identification are so critical.
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Figure 2-4. Optical Micrograph of a Kink Band (Magnification - 400 X)
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2.4 DESIGN OF THE PRECISION GRADUATED CANTILEVER
Single fiber specimens are compressed in the Precision
Graduated Cantilever shown in Figure 2-5.
Figure 2-5. The Precision Graduated Cantilever
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The fibers are bonded to the top surface of 6" x 1/2" x 1/8" clear,
Plexiglas beams. The transparent nature of Plexiglas allows for the
use of transmitted light microscopy to identify kink bands along the
length of a fiber. A beam is firmly supported in the cantilever mode
under the pressure of a metal plate which is tightened down by four
screws at its corners. A large brass weight (not shown) is fitted to sit
on top of this "clamp" to add weight and stability to the apparatus as
it rests on the stage of the optical microscope.
The slow and gradual deflection of the beam's free end is
accomplished by a 1-1/2 inch long linear, brass gear rack which is
linked to a finger knob by means of a simple network of gears.
Extremely small deflections of the beam are obtainable through large
turns of the finger knob and are the result of an acetal worm/worm
gear combination meshed with a stainless steel bevel gear/pinion
combination with a 3:1 ratio. Further, the beam deflection is smooth
and self-locking throughout its entire range of motion, the natural
consequence of the worm/worm gear interaction. Deflections are
measured accurately to the nearest .005 inch by the point of a sewing
pin which extends through the neutral axis of the beam and moves
vertically along a narrow, steel rule (graduated in hundredths of an
inch) as the beam deflects. The pin simply slides through a hole which
is machined at a distance of .1 inch from the end of the beam and is
removable for use in subsequent beam specimens. The length of the
beam is measured according to the pin location and is permanently
fixed by the constraint that the pointed end of the pin move within
the slot which supports the vertical rule. This length of 4.475 inches is
defined by the position of the blunt end of the pin as it crosses a
horizontal rule which runs lengthwise alongside the unbent beam (the
beam should initially be set flush along the inside edge of this rule for
consistency in testing). Finally, this position is the exact location of the
"concentrated load at the free end," that is, the point at which the gear
rack acts on the beam. This assures the "pinpoint" accuracy of L and 8
as defined in theory for this physical problem.
In practice, the deflection limit for a linear analysis (small
deflection theory) may be arbitrarily set at .75 inches, the point at
16
which the gear rack begins to slide away from the "free end" and the
horizontal deflection of the "free end" from the plane of the vertical
rule becomes noticeably significant. This limit is within the theoretical
limits governed by the aforementioned small deflection conditions for
a beam of length 4.475 inches.
The horizontal distance of any given kink from the fixed end of
the cantilever is given by the position of another pin that traverses a
second horizontal rule which runs parallel to the beam along its other
edge. This pin is fixed to a linear, brass gear rack and moves along the
rule (with the translation of the gear rack) through the rotation of
another fingerknob. The movement of this pin mirrors the movement
of a scalpel blade tip assembly affixed to a second gear rack, parallel
to the first, on the other side of the beam. Both gear racks move in
tandom via the coaxial rotation of two separate spur gears aligned
along the same shaft as the fingerknob, Figure 2-6.
ci-glass
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Lpel Blade Tip
'ink Marker)
;er Knob
Racks
Figure 2-6. Schematic of the Kink Marker and Location Pin (Top View)
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The blade tip assembly allows for the fine adjustment of the blade's
proximity to the embedded fiber. When in position, the blade tip
appears as a distinct shadow next to the fiber when seen through the
optical microscope, Figure 2-7.
0 1W
Figure 2-7. Optical Micrograph of the Scalpel Blade Tip (Kink Marker)
in Position (Magnification - 400 X)
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Via the rotation of the finger knob, this shadow moves along the fiber
to point out any kinks which may be present. Again, a separate,
parallel pin attachment moves as the blade does and gives direct
readings of kink distances (to the nearest .005 inch) from a horizontal
rule graduated in hundredths of an inch. Lastly, these kinks may be
marked to prevent confusion when looking for new, test-induced
kinks later on. This is accomplished simply by pressing the blade tip
into the acrylic layer surrounding the fiber when the blade is aligned
with the kink in question. As shown in Figure 2-8, a clean cut is left
behind to mark the kink.
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Figure 2-8. Optical Micrograph of a Kink Mark left by the Scalpel
Blade Tip (Magnification - 400 X)
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Kink marking, Figure 2-9, is accomplished by applying slight,
horizontal finger pressure to the protruding set screw of a small collar
which is snug around a tiny rod, the end of which is permanently
affixed to the scalpel holder (scalpel blades may be removed and
replaced simply by sliding them on and off the holder). The blade tip
rotates circumferentially about the rod's longitudinal axis to make a
precise, controlled cut devoid of the jerking associated with any
human unsteadiness.
Mci'roscope
Objective
Q a + 0^Vf
Figure 2-9. Blow-up of Kink Marker Action (Front View)
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Further, because the rod is offset from the blade assembly's center of
mass, the blade tip automatically returns to its initial position slightly
above the beam surface when finger pressure is removed from the set
screw. This facilitates testing since the blade may be moved in line
with the next kink directly without any post-marking readjustments.
Movement of the entire assembly through the translational motion of
the gear rack has no effect on either the horizontal or vertical offsets
of the blade tip from the fiber (unless, of course, the beam is
deflected).
The drawings of the device may be found in the Appendix.
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SPECIMEN PREPARATION AND EOUIPMENT
3.1 FIBER EXAMINATION AND SELECTION
Before a fiber can be mounted to a beam, it must be examined to
determine whether or not it is suitable. It would be nice indeed if we
could test fibers that had absolutely no damage in them to begin with,
but in reality all fibers have pre-existing kinks in them due to their
treatment during production. Regrettably, handling of a fiber after it
has been joined with others to form a tow induces further damage.
Nevertheless, some fibers are initially less damaged than others for
reasons which may or may not be obvious. Hence, it is necessary to
examine fibers on an individual basis to find those which are
acceptable, that is, to find those which have few enough pre-existing
kinks to make a cantilever beam test feasible and valid.
It is unknown whether or not the results of a cantilever beam
test are valid for a fiber which has undergone prior compressive
failure as evidenced by pre-existing kinks. The experimenter may
arbitrarily decide on the number of fiber diameters which must
separate a test incurred kink and a pre-existing kink for the data to be
relevant, but this number will often tend towards the low side so that
data may, in fact, be obtainable. In any case, reasonable room must
exist between pre-existing kinks to allow for the testing of the fiber
and a high level of confidence in the results.
Presently, there is no other means to obtain an individual fiber
than to physically separate it from a tow which is spooled for shipping
purposes. It is largely due to the spooling of the fiber and the
curvature of small diameter rollers that the fiber sustains damage.
The spool is simply unraveled until a relatively straight section of the
tow is found. Figure 3-1 illustrates the curvatures typically associated
with the unraveled tow.
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Figure 3-1. Typical Curvature of the Fiber Tow as it is Unraveled From
the Spool
This section is then carefully separated from the tow and secured to a
sheet of paper which is coated with a smooth film, Figure 3-2.
Scotch Tape -
Smooth-coated
"Separation"
Paper
Free End Of Tow
Figure 3-2. Securing of the Selected Section of the Tow to Coated
Paper
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One end is left unsecured while the other end is taped down with
Scotch tape. Part of the tow at the taped end is then severed to allow
for the easy removal of those particular fibers without disturbing the
remainder of the tow, Figure 3-3.
"Separation" Paper
Lng Path
Figure 3-3. Severing of the Fibers at the Taped End of the Separation
Paper (For Individual Fiber Removal)
One by one, each loose fiber is carefully pulled from the tow onto a
neighboring sheet of smooth paper for inspection. The unsecured end
of the tow is simply held down under slight finger pressure from one
hand while the other hand pulls out the fiber. This keeps the entire
tow in place while selected fibers are removed. The inspection paper
is systematically shifted away from the experimenter to make room
for the next fiber pull-out, thereby eliminating the possibility of
touching a previously separated fiber, Figure 3-4.
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"Separation" Paper
Figure 3-4. One-by-one Fiber Removal for Individual Inspection
(Arrows Indicate Movement of the Paper For the
Accomodation of Subsequent Fiber Pull-outs)
When the inspection paper is full (approximately five or six fibers),
those fibers which are straight are mounted directly onto a rack of
alligator clips for examination under the optical microscope, Figure 3-
5.
Alligat
Clips
Fiber Examination Rack "Inspection" Paper
Figure 3-5. Securing of a Fiber on the Rack For Microscopic
Examination
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The remainder of the tow is separated for examination in a similar
manner.
Microscopic examination of the rack of selected fibers is made
through the use of the exam-stage, a platform which fits snugly over
the existing microscope stage to effectively increase its area, Figure 3-
6.
Figure 3-6. The Exam-stage
The exam-stage is large enough to support the rack safely over its
entire examination area, Figure 3-7.
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Figure 3-7. The Exam-stage in Place (Supporting the Rack)
Further, the rack simply slides over the surface of the platform on
runners which elevate the fibers and thereby prevent any contact
with the exam-stage.
Each fiber in the rack is identified by assigning it a letter
according to its position -- A, B, C, D, or E. The adjoining borders of the
rack are numbered to create a grid, much like that found on maps. If
any portion of any fiber is relatively unkinked over a length of about
1-1/2 inches, this portion is selected for testing and assigned location
coordinates according to the grid's number/letter system. The use of
these coordinates is critical in the precise placement of the fiber on a
beam (discussed in the following section).
3.2 FIBER MOUNTING (SPECIMEN PREPARATION)
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Fibers are bonded to the surface of 6" x 1/2" x 1/8" clear,
Plexiglas beams with Krylon crystal clear acrylic spray. The entire
process may conveniently be broken down into three steps:
(1) Transfer of Fiber From Rack to the Beam -
The fiber is unsecured from the rack and carefully layed
on the beam so the selected portion of the fiber falls within the limits
of the test section, previously marked on the beam with a magic
marker. The decision must be made as to the best way (direction) to
mount the fiber -- the selected portion must be aligned within the test
section limits while one end of the fiber overhangs the beam enough
to allow for the attachment of a tensile pre-strain weight. Further, if
the selected fiber length is shorter than the test section length, 1.16
inches, it must be aligned flush with the test section limit furthest
away from the cantilever support. This ensures that the lower strain
portion of the test section, at a given deflection, is still testable. This is
important since the uncontrollable, extensive kinking near the fixed
end (higher strains) is not critical to the test results as long as the
point at which induced kinking stops (minimum compressive strain for
failure) lies within the test section. Since the kinks progress outward
from the support with time, keeping the outer limit of the test section
clear of the overly damaged portion of the fiber makes the
determination of this critical point possible. Figure 3-8 illustrates this
point. This procedural requirement is necessary regardless of the
analysis used in the test. Single valued determinations, time-
dependent analyses, and statistical analyses all are governed by the
outward progression of kinking towards lower strain values. Clearly
then, the outer portion of the test section must be "clean" enough to
allow the tracking of the lead kink before it travels beyond the testing
limits. These limits are fixed by the physical constraints of (and the
interactions between) the cantilever, the microscope stage, and the
objective lens. Nevertheless, the test section is sufficiently long
enough for testing of this nature since one inch represents 1500 -
2000 fiber diameters.
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Test Section
Pre-test Kinks
(Fiber Damage)
(a)
Kink Progression
Test Section
I
(Minimum Strain)
(b)
Figure 3-8. Illustration of Kink Progression Within the Test Section:
(a) Before Deflection: (b) After Deflection
The beam is supported on a slight incline so the fiber remains in
place under its own weight but will still achieve the full state of
tension when the weight is attached. The higher end of the fiber is
secured to the beam with a small piece of Scotch tape, Figure 3-9.
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Figure 3-9. Fiber Mounting
(2) Attachment of the Tensile Pre-strain Weight -
Fibers are bonded under a fixed amount of tensile pre-
strain to assure their linearity during compression (approximately .6
grams is suitable for Kevlar). This pre-strain is simply subtracted
from the compressive strain values arrived at through testing to yield
correct strain values for the fiber.
Due to their convenience, small springs are used as weights. The
spring is bent to create an opening between adjacent coils, placed
around the overhanging end of the fiber, and then released to hold the
fiber firmly, Figure 3-10. Because the fiber is initially resting under
its own weight, no torsion is induced in it as long as the spring is
attached directly from the front and allowed to hang naturally. The
slight incline of the ramp now places the fiber in a state of tension
equivalent to the weight of the spring. Finally, a dab of 910 Adhesive
is placed over the fiber at each end -- just inside the Scotch tape and
near the end of the beam from which the weight is suspended.
30
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Beam Support I'amp
Spring
Figure 3-10. Attaching the Tensile Pre-strain Weight
(3) Spraying of the Beam -
After the drops of 910 adhesive have dried (approximately
one minute or so), the beam is removed from the ramp and secured to
the spraying board, Figure 3-11. The beam end is simply held in place
by a binder clip, the support angle steep enough to maintain full fiber
tension while still allowing the fiber to rest flat along the beam under
its own weight. The spraying board accomodates up to five beams at
one time, the spacing being large enough to allow for individual
spraying (and attention) without any residual effects on the
neighboring beams.
Approximately three to four light coats of spray are required to
totally embed the fibers while affixing them securely to the beam
surfaces. Care should be taken to spray the fibers in a fanning motion
so as to fill in the narrow crevices along the fiber-beam interface. The
point at which a fiber is totally covered in spray may be detected by
31
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noting the reflection of light when looking at the beam from an angle.
Lastly, because of the relative thickness of the beam with respect to
that of the spray, no residual strain is induced in the fibers during the
drying of the spray coating. The beams are left overnight to dry.
32
Figure 3-11. Securing the Beam in Place on the Spraying Board
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3.3 THE OPTICAL MICROSCOPE
Testing is done under a transmitted light optical microscope at a
magnification of 400 X. This is strong enough to allow the detection of
faint kinks while still providing a field of view of roughly 30 fiber
diameters. Any testing done at lower magnification can only yield
results based on the larger, more distinct kinks which appear
periodically amidst the faint kinks. It is the author's opinion that the
faint kinks indicate the true material behavior of the fiber while the
more massive kinks are the result of defects in the fiber's
microstructure. This is a subject which can accomodate much
research.
The majority of the work done with the Precision Graduated
Cantilever was with a Nikon Optiphot-Pol, polarizing, light microscope.
It was found that cross-polarization of a specimen could effectively
enhance the appearance of both the fiber's morphology and the kink
field while diminishing some of the aggravating effects of contrast,
brightness, etc.. In no case, however, could the kinks be isolated for
detection while the fiber's morphology was effectively blocked out. It
is therefore necessary to make kink determinations in the confusion
created by fiber morphology and surface appearance. This task is
perhaps the most difficult one faced by the experimenter.
It is worth noting that extra long working distance (ELWD)
objective lenses must be used to allow for both the curvature of the
bent beam and the space occupied by the scalpel blade (kink marker)
positioned above it. Finally, the exam-stage discussed previously
(section 3.1) was designed to fit on the circular stage of the Nikon
Optiphot-Pol.
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TESTING PROCEDURES AND ASSOCIATED ISSUES
4.1 THE TEST SECTION
As mentioned before, only a 1.16 inch long section of the beam is
actually used for testing. Since this section lies only a quarter of an
inch from the cantilever support, only relatively small deflections of
the free end are required to cause compressive failure throughout its
length. It is for this reason that the issue of non-linearity is of no real
concern. Of course, the day may come when there will be a fiber
which is so strong in compression that large deflections will be
necessary -- in this case, a thicker beam and, possibly, a new device
will be in order. At the moment, however, fibers of comparable
strength to Kevlar can be tested efficiently without the complications
of a non-linear analysis. The experimenter needs only to deflect the
beam gradually to keep the lead kink inside the outermost test section
limit.
4.2 TESTING METHODS
4.2.1 SINGLE-VALUED DETERMINATIONS
The quantitative determination of the nominal critical
compressive strain of a particular fiber depends only on the strain
data given by the outermost (lowest strain) kinks from a number of
bent beam specimens. For polymeric fibers, a large amount of scatter
will exist due to their defect dependencies. An average over the
entire population of data may or may not indicate the true material
property of the fiber but will yield its average compressive strain to
failure. Higher strain values will most likely indicate the fiber's "true"
properties, but lower values must be considered as well to account for
the imperfections which typically arise during the drawing of the
fibers.
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4.2.2 TIME-DEPENDENT ANALYSIS
Time-dependent kinking has been observed in polymeric fibers.
In order to make a controlled evaluation of a fiber's time-dependent
compressive properties, a beam specimen need only be deflected to a
height which is too low to cause immediate kinking within the test
section. This deflection is a fraction of that which typically yields
results for the single-valued determination of the fiber's average
critical compressive strain. With time, kinks will progress outward
from the support through lower and lower strain values (beam
deflection remaining constant). At appropriate time intervals, the
position of the lowest strain kink should be recorded so that a plot of
strain vs. log time can be made. This, in turn, will show the
relationship of compressive failure to time. Several tests of this sort
must be made before the experimenter can develop a feel for the
deflections needed to produce an efficient test. Practical time limits
extend no further than 3 x 105 seconds (3-1/2 days). Finally, it has
been determined that there is no change in the beam's curvature over
time, a requirement which maintains the superiority of this device as
a means for time-dependent analysis.
4.2.3 STATISTICAL ANALYSIS
A statistical analysis is useful in that it records the number of
kinks (and their associated strain values) which occur in a given fiber
at a given beam deflection. Data for a number of fibers can be
presented in many ways, all of which serve to indicate the strength of
a fiber in a statistical sense. This is the best way to measure the
fiber's true compressive properties within the limitations imposed by
internal defects.
4.3 GENERAL TESTING PROCEDURE
Regardless of the analysis method, the testing procedure should
follow a few, simple rules in efficiency:
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(1) When marking pre-existing kinks, anything that might
otherwise cause confusion later on should be marked.
(2) The beam should be deflected smoothly and
continuously with no hesitation until it reaches the desired height.
(3) Kink searching should begin at the outer test section
limit (lower strain values) and move inwards towards the support --
this will immediately show whether or not kinking has progressed
beyond the limits. If it has not, the specimen is good and the lead
kink may be found without laboring through all those nearer the
support.
(4) To move the device to observe the next section (field
of view) of the fiber, the scalpel blade tip should be placed at the
bottom of the field of view to indicate the point at which observation
was left off.
(5) The experimenter should not get caught up too much
in details -- this will minimize eye strain.
(6) Delays should be avoided and testing must proceed
with a purpose -- the test should proceed and terminate before any
unwanted time effects occur unknowingly.
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PRELIMINARY RESULTS
5.1 CRITICAL COMPRESSIVE STRAIN DETERMINATIONS
Initial testing was performed under a Nikon Stereomicroscope at
a magnification of 200 X. Fiber specimens consisted of Kevlar and a
high-strength, experimental aramid fiber. An effort was made to
establish baseline values of critical compressive strain for the
subsequent evaluation of the effects of coatings on such fibers. The
average critical compressive strain for Kevlar was determined to be
-4500 microinches with values ranging from -3000 microinches to a
high of -5800 microinches. Again, these values arise from data taken
under less than optimal conditions (low magnification and stereoscopic
effects) and should be regarded as tentative.
5.2 STATISTICAL TESTING
Due to the extent of pre-existing damage in the experimental
fiber specimens (to which all attention was given after access to a
Nikon Optiphot-Pol was gained), an attempt was made to work with
"moderately damaged" fibers in a statistical sense. Only two
specimens were actually found to be testable, but the test results were
extremely interesting. For the same deflection, both fibers exhibited
widespread kinking beyond the exact same level of strain.
Widespread kinking is a term coined by the author to indicate global
fiber failure in the sense that kinks span its length at intervals of
approximately one fiber diameter. On a cantilever beam specimen, the
horizontal position at which widespread kinking stops is referred to by
the author as the Threshold of Global Failure or the Global Failure
Point (GFP). Hence, these two specimens exhibited the same GFP!
Although the GFP has little to do with the critical compressive strain of
the fiber (at least no relationship exists at this time), it may have some
meaning and deserves future attention.
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CONCLUSIONS AND RECOMMENDATIONS
Results from Precision Graduated Cantilever testing, or PGC tests,
are few at present because of the unavailability of undamaged,
oriented fiber specimens. A specimen which may appear perfectly
acceptable to the naked eye can, in fact, be classified as "junk" as far
as testing of this nature is concerned. However, should there be a
fiber which can be created and transported without suffering any
compressive damage, testing of this nature is both practical and useful.
The design features incorporated in the PGC assure high levels of
efficiency on the part of the experimenter. Only extensive (and
expensive) improvements in design could make static testing any
easier or faster. Modifications which would allow for dynamic testing
are obviously desirable but are not necessary until static tests have
been perfected and fully exploited.
In its present state, the PGC can prove useful as a means to
evaluate such things as: the effect of coatings on fiber compressive
properties and the relative effects of coatings of varying thicknesses;
the simple comparison of different fibers in compression; the
determination of the major Poisson's ratio in compression for a
particular fiber; and the selection of fibers for use in composites with
specific load histories.
In short, the PGC is a valuable device when used alone or in
conjunction with other means of testing.
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PRECISION GRADUATED CANTILEVER
PARTS LIST
CODE QUANTITY
AA
BB
CC
DD
E
FF
GG
HH
II
KK
I•ESCRIPTION
1/8-inch dowel, 1-inch long
1/8-inch dowel,
1/8-inch dowel,
1 1/2-inch long
2 1/2-inch long
3/16-inch dowel, 1 1/2-inch long
1/32-inch drill rod, 1/2-inch long
1/32-inch drill rod, 1 1/8-inch long
sewing pin point, 1/4-inch long
sewing needle point, 3/4-inch long
1/8-inch bore brass bushing
w/set screw, 1/8-inch thick
1/32-inch bore brass bushing
w/set screw, 1/8-inch thick
1/32-inch bore brass bushing
(press fit), 1/8-inch thick
COCDE UANTITY ITEY CODE* DESCRIPTION
brass snur gear -
diametral nitch: 48
# of teeth: 12
Dressure angle: 14 1/2 degrees
bore: 1/8-inch
pitch diameter: 1/4-inch
outside diameter: .292 inch
face: 1/8-inch (no hub)
brass gear rack -
diametral pnitch: 48
pressure angle: 14 1/2 degrees
pitch line to back: .104-inch
overall thickness: 1/8-inch
face width: 1/8-inch
length: 1 1/2-inch
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LL G 129
G 586-2MM
ITEM-' CODE* DESCRIPTION
G 586-2
LSHP
brass gear rack -
(as above)
length: 5 1/2-inch
acetal worm -
diametral pitch: 48
pressure angle: 14 1/2 degrees
right hand
bore:3/16-inch
-itch diameter: .333 inch
hub diameter: .26 inch
hub pro ection: 3/16-inch
face: 9/16-inch
GP1018-1/8 acetal worm gear w/brass insert -
diametral Ditch: 48
pressure angle: 14 1/2 degrees
right hand
# of teeth: 20
bore: 1/8-inch
pitch diameter: .417 inch
hub diameter: 11/32-inch
hub projection: 3/16-inch
face: 5/32-inch
CL of worm to flush end: .078
GSS478Y-G
GSS478Y-P
YSS3214
SS bevel gear -
diametral Ditch: 48
pressure angle: 20 degrees
ratio: 3:1
# of teeth: 36
bore: 3/16-inch
pitch diameter: 3/4-inch
hub diameter: 7/16-inch
hub projection: 3/16-inch
depth: .25 inch
face: .09 inch
mounting distance: .375 inch
SS bevel pinion -
diametral pitch: 48
pressure angle: 20 degrees
ratio: 3:1
# of teeth: 12
bore: 1/8-inch
pitch diameter: 1/4-inch
hub diameter: 7/32-inch
hub projection: 11/64-inch
depth: 9/32-inch
face: .09 inch
mounting distance: .562 inch
SS spur gear w/hub -
bore: 1/8-inch
NN
00
PP
QcQ
RR
SS
(cont.)CODE QUANTITY
CODE QUANTITY ITEK' CODE** DESCRIPTION
611N-6
611N-6
611Y-6
Aircraft auick-reading rule -
graduation: 1/64-, 1/100-inch
width: 3/64-inch
thickness: 1/64-inch
length: 1 inch
Aircraft quick-reading rule -
(as above)
length: 4.1 inch
Aircraft quick-reading rule -
(as above)
length: 5 inch
NOTE: THE ABOVE RULES COME IN LENGTHS OF 6 INCHES. ONLY 2
ARE NEEDED FOR THE 3 PARTS!
* - Order numbers for Boston Gear, Inc.
** - Order numbers for The Starret Co.
TT
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The following secuence of photographs illustrates the assemblyof the scalpel blade (kink marker) Ussembly:
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